Objective: This study estimated the prevalence, distribution and associated factors of tooth erosion in Brazilian schoolchildren. Study design: A cross-sectional study was carried out in a representative sample of children aged 8-12-years-old from public and private schools. Six calibrated examiners assessed tooth erosion (O´Sullivan index) and other oral conditions (dental trauma, enamel defects, plaque, dental caries and dental crowding). Socio-demographic and behavioral data were collected using questionnaires. Interviews were conducted in children and in parents. Data were analyzed using Poisson regression model considering the cluster sample (Prevalence Ratio-PR; 95% Confidence Interval-CI). Results: A total of 1,210 children participated and were examined. Tooth erosion was observed in 25.1% of the children. Lesions were mostly observed in enamel and less than a half of the buccal surface was affected. The type of school and age were significant associated with higher prevalence of tooth erosion and dental crowding was associated with less probability of tooth erosion significantly. Acidic food or drinks were not associated with dental erosion. Conclusion: The prevalence of tooth erosion in the studied population was high. Erosive lesions were not severe, confined in enamel. Tooth erosion was associated with age, type of school, socioeconomic level and dental crowding.
INTRODUCTION
A n increased frequency of tooth erosion has been detected in adolescents [1] [2] [3] and seems to be a growing problem 3 . Tooth erosion is induced by non-bacterial acids, which may be acquired from extrinsic sources, like diet or medication, 2 or by intrinsic acid through vomiting or reflux. 4 Tooth erosion is an irreversible and cumulative condition 5 and it is frequently observed with other types of wear. 1, 5 Delayed or inadequate diagnosis with a lack of preventive intervention 6 could lead to advanced tissue loss 7 compromising tooth vitality, functionality or aesthetics. 2 Cross-sectional investigations, conducted in children with permanent dentition found variation in the prevalence of tooth erosion, ranging from 7.2% to 95%. 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Brazilian studies conducted in children showed prevalence ranging from 7.2% 8 up to 38.2%. [7] [8] [9] 11 , 12Diverse factors were found to be associated with the presence of tooth erosion,7 making this a complex condition. 6 In children, extrinsic factors may influence tooth erosion presence, even though intrinsic acids should be also considered. 2 Soft drink consumption has been linked to tooth erosion. 10 Frequency, 1, 2, 14 contact time 13 and unusual patterns of food or drinks consumption 14 have been reported as factors in tooth erosion. Socioeconomic and demographic factors have also been reported, but results are contradictory. While some studies have found higher prevalence of tooth erosion in families with lower income 2, 6 , other studies showed higher tooth erosion prevalence in children from wealthy families 2 , attending private schools 12 , or from mothers with higher education level 14 . Behavioral and biological conditions, including the frequency of tooth brushing 14, plaque presence 1, 14 , presence of enamel defects
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Tooth erosion is a complex condition that is not well understood and due to its cumulative nature and interactions with other types of wear, important amounts of tooth structure can be loss 15 . Considering that several factors can influence the occurrence of erosive tooth wear, such as diet, for instance recently, higher prevalence of tooth erosion was associated with higher consumption of soft drinks and confectionary or snacks in children and adolescents 16 , more information from research studies with methodological quality is needed, to understand the dynamics of tooth erosion in early stages.
The aim of the study was to estimate the prevalence of tooth erosion and its association with socio demographic, clinical and behavioral factors in Brazilian schoolchildren.
MATERIALS AND METHOD
This study followed a cross-sectional design and was conducted in 2010 with children aged 8-12 years in Pelotas, a southern city of Brazil. The city has 328,275 inhabitants 17 and nearly 25,628 are children with 8-12-years-old. Ethical approval (protocol n°160/2010) was obtained from the Ethics Committee of the Federal University of Pelotas, Brazil. Parents or legal guardian signed a written informed consent before recruitment into the study. Detailed information about the methodology of this multi professional survey can be found elsewhere. 18 A two-stage cluster sampling procedure was adopted. The first stage units were all elementary schools (n=116: 25 private and 91 public schools) in the city and second stage units were the classrooms. For tooth erosion, the sample size (prevalence and association) was calculated using an assumed prevalence of tooth erosion of 13.0% 12 , a sampling error of 4 percentage points, and a confidence level of 95%. In addition, a design effect of 1.4 was applied, adding 20% to compensate refusals and 10% to control confounding factors (socioeconomic, clinical and behavioral). The minimum sample size was estimated to be 802 children. Schools were visited several times to avoid more than 10% of absence.
Data collection
Questionnaires, based on previous research, 8 were pre-test and used by trained interviewers. Questions were related to children´s age (complete years), gender, skin color (white, dark-skinned black, light-skinned black) 17 , type of school (private or public), mothers' education (categorized in-≥12, 9-11, 5-8 and ≤ 4) and household income (collected in Brazilian Minimum Wage/month and later categorized into quintiles). Habits information was self-reported and included tooth brushing frequency, recurrent vomiting, gastric upsets, consumption of drinks at night and food and drinks consumption frequency. Frequency was initially recorded at three levels: never, 1 or 2 times, and 3 times or more per week and later dichotomized in low (2 times per week or less) and high (3 times or more per week) 8, 9 . To assess the acidic cumulative effect , acidic food and drinks were re-organized to form 3 new variables: acidic food, acidic drinks and total acidic consumption (drinks plus food). The categories were dichotomized in low consumption (2 times per week or less) and high (3 times or more per week) 19 .
Clinical examinations were carried out at the selected schools and performed by six dentists with previous experience in oral health surveys, using proper individual protection equipment. Children were examined with sterilized mouth mirrors, CPI ("ball point") probes and gauze pads to clean and dry the tooth surface 8, 12 , under artificial light and in a sitting position. Before the field work the examiners were trained and calibrated. The training phase included theoretical and practical background of concepts and details of tooth erosion. For the calibration exercise, the in lux method-based on the analysis and diagnosis of photographic images was used 8, 9, 20 . Tooth erosion was assessed by the modified O´Sullivan index 12 . Central maxillary incisors were analyzed through visual examination of facial, lingual, and incisal surfaces. For diagnosis, opaque, smooth with polished appearance surface, concave excavations, translucent incisal and "stand-up" restorations were use as clinical signs 1, 20 . Inter-examiner kappa was obtain by the in lux method. For tooth erosion, inter-examiner kappa values ranged from 0.60 to 0.65. Other clinical conditions were also evaluated: tooth trauma (O´Brien index) 21 , enamel defects (Modified Developmental Defects of Dental Enamel index, DDE) 22 ; plaque (Visible Plaque Index) 23 ; dental caries (DMFT) 24 and dental crowding (Dental Aesthetic Index , DAI) 24 . Clinical conditions, including tooth erosion, were dichotomized in absence and presence. Crowding was considered when the space between the right and left canine was insufficient to accommodate all four incisors in normal alignment.
Data analysis
Data were recorded in duplicate (Epi Info 6.0 software) and the analyses were carried out in Stata 12.0 (Stata Corp., College Station, TX, USA). Descriptive and bivariate analyses were performed to assess the association between predictor variables and the outcome using Pearson's chi-square test (sex, type of school, gastric upset, tooth brushing frequency, carbonated soft drinks, acid consumption, dental crowding, enamel defects, plaque and dental caries), or Linear Trend (age, household income, maternal schooling). All variables with P-value <0.30 in the bivariate analysis were considered potential confounders and were therefore included in the multivariate analysis, obtaining prevalence ratios (PR) and 95% confidence intervals for the outcome. Multivariate analysis was performed through the Poisson regression, considering a conceptual model and temporal sequence of events (prevalence of tooth erosion) 25 . This model assesses disease determinants and in particular, how to handle the complex hierarchical inter-relationships between variables (distal, intermediate and proximal). In the distal level, the demographic and/or socioeconomic variables were included. For the intermediate level, behavioral characteristics were considered. In the proximal level, the children's biological characteristics were included. Explanatory variables were selected for the final models only if they had a P-value ≤ 0.05 after adjustment. All of the analyses were weighted, allowing for the design effect of the sampling procedure using a Poisson regression model with robust variance and the "svy" commands for data from complex samples.
RESULTS
A total of 1,210 children were enrolled in the study. The response rate was 69.3% of all invited children (N=1,744). The main reasons for non-participation were lack of parental consent 419 (24.0%) and absence in the examination days 114 (6.7%). Response rate between public and private schools was not different. The distribution of the sample according to predictors and outcome is presented in Table  1 . Children were predominantly girls (52.6%), white (73.0%) and 79.0% of the total number of children attended public schools. Regarding maternal education, 53.0% studied 9 or more years.
The prevalence of tooth erosion was 25.1% (95% CI: 23.4; 28.6). Erosive lesions were commonly presented in multiple surfaces in a single tooth (48.4%). Lesions localized in enamel were 20.3%, had matt appearance without any contour loss and presented less than a half of the surface affected (64.6%), which indicates the lowest severity level.
Children had low consumption of natural juices and fruit and consumed soft drinks 3 times or more per week. The proportion of children consuming acid food and drinks at least 6 times a week was: 59.0% for drinks, 48.9% for food and 28.5% for both (drinks and food). Children with dental trauma, dental caries, enamel defects, presence of plaque and dental crowding were 12.7% (95% CI: 11.0; 15.0), 32.5% (95% CI: 30.0; 35.1), 64.5% (95% CI: 62.0; 67.2), 90.0% (95% CI: 88.0; 91.3) and 36.1% (95% CI: 33.4; 39.0) respectively.
Bivariate analysis is described in Table 2 . Older children (p=0.01), children who attended public schools (p<0.01) and reported episodes of vomiting (p=0.011) had higher prevalence of erosion than their counterparts. Children with dental crowding showed lower erosive lesions than their counterparts (p=0.026).
In Table 3 , multivariate analysis revealed that children from public schools were statistically different (PR 1.73; 95% CI: 1.06; 2.81) from those in private schools. In relation to age, children with 11 (PR: 2.03; 95% CI: 1.23; 3.37) and 12 years old (PR:1.81; 95% CI: 1.04; 3.16) had higher presence of tooth erosion than the younger ones. The presence of dental crowding was associated with lower prevalence of erosion (PR 0.78; 95% CI: 0.61; 0.98). 
DISCUSSION
This study found a prevalence of tooth erosion comparable to other studies performed in Southern Brazil. It was found to be associated with public school attendance and age, and children with dental crowding were less likely to have tooth erosion than their counterparts.
The prevalence of tooth erosion found in our study was 25.1%, which is similar to rates from other studies performed with 12-year-old children 5, 9, 14 . Lower 7, 8, 12, 13 as well as higher 1, 2, 6, 11 prevalence have also been reported. One of the main reasons for the variability in prevalence rates between studies, could be related to the index used 24 , since none is universally accepted for tooth erosion 6 . We used the O´Sullivan index because it was designed for epidemiologic surveys and provides information such as site, severity and affected surface area of erosive lesions 8, 11 . In Brazil, this index was previously adapted and validated 12 and it is the most common instrument used, allowing comparison between the results 8, 11 . The present study assessed central maxillary incisors, the more frequently affected by tooth erosion 5, 6, 9, 10 and indicated to be "marker teeth" 3, 11 . The evaluation of the "marker teeth" allows to save time during the screening procedure 3 and control the overestimation 12 . The age group studied could also influence the prevalence of tooth erosion in children 12 . In this investigation, children aged 8-12-years were included. In this range of age, the acidic challenge may be sufficient to act against teeth [9] [10] [11] and diagnosis confusion of tooth erosion could be minimized, since abrasion or attrition is unlikely to affect younger children 9 . Age was found to be a significant factor, comparable with other investigations 3, 8 . Longitudinal studies have shown that the erosive process is cumulative and tend to progress with time, and individuals could not only develop new lesions but also the severity of existing lesions could progress 2 .
The severity of the erosive lesions in this study was low, as is usual in children and adolescents 8-12, 26 25 and is consistent with the limited time of exposure to risk factors of tooth erosion 8, 12 . In this study, we found multi-surfaces with erosive wear in a single tooth, and this could be attributed to a drinking pattern of the acidic beverage, initially washed to the facial surface and the tongue, remaining in between the papillae after subsequent swallows to attack the enamel of the anterior teeth 25 . Generally, the palatal surface is the most affected by tooth erosion 11 and authors pointed that the abrasive effects of the tongue on softened, demineralized enamel may contribute to a greater loss of tooth surface palatally 6 , thus results showed that acid can affect all surfaces of tooth.
The influence of socioeconomic characteristics in tooth erosion prevalence is unclear. Both a negative 5, 10 and positive 6, 7, 11 relationship of tooth erosion with socioeconomic level has been reported. In Brazilian population, type of school has been used as a practical and feasible proxy for socioeconomic status 27 , considering that in private schools a mensal fee has to be paid 7 . In our study, children attending public schools presented higher prevalence of erosive tooth wear than those from private schools, similarly to previous report 10, 287 . In our multifactorial analysis, acidic consumption was controlled for, so the explanation can't be found in the likelihood of public school children drinking more acidic drinks. Adolescents may experience more independence from their parents than younger children. Their lifestyles include less, or lack of, parental control in oral hygiene practices or in other behaviors, such as gastro-esophageal reflux or vomiting. These factors may be relevant for erosion development. 10 Children with dental crowding presented significantly lower prevalence of tooth erosion than their counterparts, which is in agreement with a previous report 2 of alignment of teeth could increase pooling of saliva around teeth, promoting a protective effect 2 . However, crowding may also reduce the contact of the tongue (and tooth brush) with tooth surfaces, thus reducing the abrasive factor enhancing erosive wear. Children and adolescents are consuming higher amounts of soft drinks 29 and in Brazil almost one third of children consumed soft drinks at least 5 times a week 19 . The high consumption of soft drinks by children are related to unhealthy diet changes, which can influence the emergence of early general health problems such as obesity 298 , or in oral health increasing dental caries and tooth erosion 2, 6, 10, 14 . In fact, recently it was reported that diet influence the prevalence of tooth erosion 29 . In the present study, high soft drinks consumption and high prevalence of tooth erosion were not associated, consistent previous studies 7-9. This could be related to the method used to record diet in our study, since diet recording is complex and could influence the final results 16 representing a limitation.
One of the main strengths of this study is related to the representative sample, selected by a two-stage random strategy involving schoolchildren from public and private schools of the city. The sample size was adequate allowing a considerable power of the study 18 . However, some limitations must also be addressed. The study followed a cross-sectional design, which prevents hypothesis of causality and temporal relations between the outcome and predictor variables 8 . Cross-sectional studies are important tools to identify associated factors to be included in further longitudinal assessments 8 . The reliability of self-reporting dietary habits by schoolchildren is limited, since the possibility of under or over-reporting is real. Unfortunately, there is not a standardized questionnaire to assess acidic diet specific for tooth erosion that could be used in epidemiological surveys 8 . Differential diagnosis can be complex, especially at early stages as sustained for some authors 8 . Thus, Kappa values the inter-examiner agreement in our study above 0.6 were considered satisfactory as previously sustained, with kappa values between 0.6-0.8 are considered substantial and 0.8-1 perfect 30 .
In our study, children presenting moderate or severe erosive tooth wear were not observed. Therefore, this study corroborates that tooth erosion is not currently a public oral health problem in Brazilian children. However, since tooth erosion has a cumulative character, with time the incidence and the severity could increase. Thus, more longitudinal studies are needed to confirm these findings 31 .
Epidemiological studies, like the present study, enhance the consistency of findings and enlarged the evidence in the literature. The impact of tooth erosion on later life is not yet clear and the surveillance of such disorders is important.
Thus, the early implementation of actions to prevent or control predisposing factors and the monitoring of erosive lesions may be useful strategies to prevent future dental health problems, facilitating the targeting of resources of public health 8 .
CONCLUSION
This study showed that the prevalence of tooth erosion in children was high. The prevalence was higher in children with deprivated situation and in the older ones. Dental crowding was associated with lower presence of tooth erosion. Further epidemiological investigations are required in order to identify the pathways for the influence of socioeconomic background on the prevalence of tooth erosion in children.
